WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 00/02699 


B23K 20/12, B27C 5/00, B23Q 15/00 


Al 




20 January 2000 (20.01.00) 




(43) International Publication Date: 



(21) International Application Number: PCT/US99/ 1 5 1 48 

(22) International Filing Date: 8 July 1999 (08.07.99) 



(30) Priority Data: 

60/092,332 



9 July 1998 (09.07.98) 



US 



(81) Designated States: CA, DE, GB, JP, NO, SE, European patent 
(AT, BE, CH t CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE). 



Published 

With international search report. 



(71) Applicant: MTS SYSTEMS CORPORATION [US/US]; 14000 

Technology Drive, Eden Prairie, MN 55344-2290 (US). 

(72) Inventors: CAMPBELL, Craig, L.; 13960 74th Place North, 

Maple Grove, MN 55311 (US). FULLEN, Mark, S.; 3 
Buffalo Road, St. Paul, MN 55127 (US). SKINNER, 
Michael, J.; Apartment #105, 14255 Valley View Road, 
Eden Prairie, MN 55344 (US). 

(74) Agents: KVALE, Deirdre, M. et al.; Westman, Champlin & 
Kelly, P. A., International Centre, Suite 1600, 900 Second 
Avenue South, Minneapolis, MN 55402-3319 (US). 



(54) Title: WELDING HEAD 
(57) Abstract 



A welding head (50) including upper and lower probe members (60, 62) and probe pin (64). The upper and lower probe members 
(60, 62) are independently actuatable and biased to follow the profile of a workpiece and supply a balance load to opposed surfaces of a 
workpiece during welding operation. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


A2 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People* s 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/02699 



PCT/US99/15148 



WELDING HEAD 

BACKGROUND OF THE INVENTION 
The present invention relates to a welding 
head. In particular, the present invention relates to 
5 a welding head for friction stir welding applications. 

Friction stir welding is a process of welding 
component parts together using friction heat generated 
at a welding joint to form a plasticized region which 
solidifies joining workpiece sections. A welding head 

10 is used to generate friction heat along a welding joint. 
The welding head includes a welding probe which is 
inserted into a joint between workpiece sections. The 
probe includes a pin that is inserted into the joint and 
a shoulder which is urged against an upper surface of 

15 the workpiece. The pin and shoulder spin to generate 
friction heat to form a plasticize region along the 
joint for welding operation. 

For welding operation, a workpiece is 
supported by a rigid table or backplate typically formed 

20 of a steel plate. Rigid backplate stabilizes the 
actuation force of the upper shoulder to maintain the 
integrity of the workpiece so that the workpiece does 
not bend or deform under the load. To maximize strength 
of the joint between workpiece sections, the welded 

25 portion should extend the entire thickness of the 
workpiece. To assure that the weld extends the entire 
thickness, sufficient friction heat must be generated 
between upper and lower surfaces of the workpiece so 
that the plasticized region extends between upper and 

3 0 lower surfaces of the workpiece . 

Typically, the thickness of a workpiece can 
vary along the joint. Variations in the workpiece 
thickness can vary pin depth or extension into the 
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workpiece joint. If pin depth does not extend 
sufficient thickness, the plasticized region does not 
extend the entire thickness of the workpiece causing 
stress notches in the joint. For a smaller thickness, 
5 pin can extend too close to the backplate so that 
workpiece becomes joined to the backplate as a result of 
the welding operation. These and other problems are 
addressed by the present invention. 

SUMMARY OF THE INVENTION 

10 The present invention relates to a welding 

head with adjustable probe or pin depth to compensate 
for variations in workpiece thickness. The welding 
probe includes an upper probe member and a lower member 
and a pin movably supported relative to the upper probe 

15 member. Upper and lower probe members are coupled to 
separate forge actuators and are urged against upper and 
lower surfaces of the workpiece . The pin and upper and 
lower probe members rotate to generate friction heat at 
the weld joint. The forging force of the upper and 

20 lower probe members generates friction heat at the upper 
and lower surfaces of the workpiece to provide 
sufficient friction heat through the thickness of the 
workpiece. The forging force on the upper and lower 
actuators is balanced to maintain the integrity of the 

25 workpiece and limit bending and distortion. The biased 
upper and lower probe members follow workpiece profile 
so that pin depth is adjusted based upon thickness of 
the workpiece at the joint. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 FIG. 1 is a schematic illustration of an 

embodiment of a welding head of the present invention. 

FIG. 2A is an illustration of a plasticized 
region for a prior art probe including an upper shoulder 
and fixed pin. 
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FIG. 2B is an illustration of a plasticized 
region for a probe including upper and lower probe 
members . 

FIG. 3 is a schematic control feedback for 
5 forging force Fg 1 on upper probe member and forging 
force Fg 2 on lower probe member. 

FIG. 4 is a cross sectional illustration of a 
welding head of the present invention. 

FIG. 5 is a perspective illustration of a 
10 fixture supporting a welding head of the present 
invention . 

FIG. 6 is a schematic illustration for force 
feedback Fg 1 and Fg 2 of upper and lower probe members. 

FIG. 7 is a schematic illustration of force 
15 and position control feedback for upper and lower probe 
members . 

FIG. 8 is a detailed illustration of an 
operation control embodiment for upper and lower probe 
members . 

20 FIG. 9 is a schematic illustration of a 

flexible mounting assembly for a welding head to follow 
the contour of shaped forms or components. 

FIG. 10 is a perspective illustration of a 
flexible mounting fixture supporting a welding head. 

25 DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 
FIG. 1 schematically illustrates an embodiment 
of a welding probe 50 for friction welding application. 
Welding probe 50 welds workpiece sections 52, 54 at 
joint 56. Welding probe 50 is connected to a spindle 

30 drive 58 to rotate probe 50 for welding operation. As 
shown welding probe 50 includes an upper probe member 
60, a lower probe member 62 and a probe pin 64. As 
shown, lower probe member 62 is rigidly connected to 
probe pin 64 and is movable therewith. Lower probe 
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member 62 and probe pin 64 are slideably supported as 
illustrated by arrow 66 relative to upper probe member 
60 for adjusting pin 64 extension relative to upper 
probe member 60 for use for workpieces of various 
5 thickness and for compensating for thickness variations 
in a workpiece as will be explained. 

As shown, upper probe member 6 0 includes an 
upper shoulder 72 and lower probe member 62 includes a 
lower shoulder 74. For operation, upper probe member 60 

10 is supported so that shoulder 72 abuts an upper surface 
76 of workpiece sections 52, 54. Pin 64 extends through 
joint 56 and shoulder 74 of lower probe member 62 abuts 
a lower surface 78 of the workpiece sections 52, 54. 

An upper forge actuator 80 is coupled to the 

15 upper probe member 60 and a lower forge actuator 82 is 
coupled to the lower probe member 62 and pin 64. For 
welding operation probe 50 rotates and upper and lower 
forge actuators 80, 82 supply forging forces Fg 1# Fg 2 
to upper and lower probe members 60, 62 as illustrated 

20 by arrows Fg lf Fg 2 respectively. 

Rotation of pin 64 and upper and lower probe 
members 60, 62 generates friction heat to create a 
plasticize region for welding workpiece sections. To 
assure that the weld extends the thickness of the 

25 workpiece, probe should form a plasticize region that 
extends between upper and lower surfaces 76, 78 of the 
workpiece. In FIG. 2A, a profile of plasticize region 
92 formed by a prior art probe tapers from a thicker 
region 94 at an upper surface 76 of the workpiece to a 

30 thin region 96 proximate to a lower surface 78 of the 
workpiece. Stress notches or root openings form if the 
weld does not extend the entire thickness of the 
workpiece . 
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In contrast, as illustrated in FIG. 2B, upper 
and lower probe members 60, 60 form a plasticized region 
98 that includes thicker regions 100, 102 at the upper 
and lower surfaces 76, 78 and a taper center region 104. 
5 The friction heat generated on the workpiece to form the 
plasticized region 98 is a function of the total forging 
force of the upper and lower probe members or 
Fg T = |Fg x |+ |Fg 2 | . Thus friction heat generated by the 
probe is increased by the lower probe member 62 

10 operating in cooperation with the upper probe member 60. 

Upper and lower forge actuators 80, 82 and 
spindle drive 58 are coupled to controller 106 as 
schematically illustrated in FIG. 1 for operation. 
Controller operates upper and lower forge actuators 80, 

15 82 to maintain upper and lower probe members 60, 62 or 
shoulders 72, 74 in abutment with upper and lower 
surfaces of the workpiece to compensate for variations 
in workpiece thickness and profile and to provide a 
balanced load on opposed surfaces of the workpiece. 

20 Controller 106 can be a digital controller or an analog 
controller set to supply a balanced forging force for 
upper and lower actuators. A digital controller 106 
includes a processor and memory for storing programmed 
instructions . 

25 In particular, controller operates lower forge 

actuator 82 to maintain appropriate spacing between 
upper and lower probe members 60, 62 to adjust pin 64 
depth relative to workpiece thickness and variations in 
workpiece thickness. Controller is programmed or set to 

3 0 supply balanced forging force Fg 1 = Fg 2 to the upper and 
lower probe members 60, 62 to rigidly support the 
workpiece to reduce off axis loads to the workpiece and 
limit bending or distortion of the workpiece during 
welding operation. FIG. 3 illustrates a simplified 
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embodiment for controlling operation of upper and lower 
forge actuators 80, 82. As shown in FIG. 3, controller 
106 uses an input or command forging force 108, which is 
used to control upper and lower actuators 80, 82. In 
5 FIG. 3, input forging force 108 = Fg 1 and Fg 2 is the 
inverse as illustrated by block 109. In an alternative 
embodiment, input force 108 = Fg t and Fg 1 = Fg t /2 and 
Fg 2 - " Fg t /2. Controller 106 includes upper and 

lower process control 110, 112 which provides operating 

10 control to upper and lower forge actuators 80, 82 as 
illustrated by lines 114, 116 based upon input 
parameters 108, 109 and control feedback 118, 120. 
During welding operation, feedback 118, 120 includes 
force feedback as will be explained to maintain a 

15 balanced load to the workpiece to limit deformation or 
bending of the workpiece. Control of the upper and 
lower probe members 60, 62 biases members 60, 62 against 
the workpiece to maintain proper pin 64 depth based upon 
workpiece thickness and variations in workpiece 

20 thickness. Thus, as described, welding probe provides 
a plasticized profile having thicker regions relative to 
upper and lower surfaces 76, 78 of the workpiece to 
provide a relatively rigid weld joint across the 
thickness of the workpiece joint, while rigidly 

25 supporting the workpiece to limit bending and 
distortion. 

FIG. 4 is a detailed cross-sectional view of 
an embodiment of a welding probe 50 including actuatable 
upper and lower probe members 60, 62. In the embodiment 
30 shown, probe 50 includes an outer housing 122 and an 
inner housing 124 rotationally connected to outer 
housing by bearings 125. Upper probe member 60 is 
formed by inner housing 124. Pin 64 is slidably 
supported in housing 124 via rod 126. Probe member 62 
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is connected to pin 64 to slidably support lower 
shoulder 74 relative to upper shoulder 72 formed by 
housing 124. Spindle shaft 128 is coupled to housing 
124 to rotate housing 124 (upper probe member 60, lower 
5 probe member 62 and pin 64) by operation of spindle 
drive 58 for welding operation. In one embodiment, 
spindle drive 58 includes an inline torque transducer 
for spindle control. Spindle control includes 

simultaneous torque and RPM (revolutions per minute) 
10 control. 

As shown schematically, upper forge actuator 
80 is connected to outer housing 122 to position and 
actuator upper probe member 6 0 as will be explained. In 
the embodiment shown, lower forge actuator 82 is a fluid 

15 actuator supported in inner housing 124 and coupled to 
rod 126 connected to lower probe member 62 and pin 64. 
Fluid actuator includes an actuation chamber 130 and 
piston 132. Rod 126 is connected to piston 132 

operable in chamber 130. Actuator fluid is delivered to 

20 chamber 130 from fluid source 134 for bi-directional 
movement as illustrated by arrow 136. Fluid is 
delivered from fluid source 134 to rotating housing 124 
by fluid commutator or slip rings 138. Fluid is 
delivered through channels 140, 142 for bi-directional 

25 actuation as illustrated by arrow 136. Preferably, 
fluid source 134 is a hydraulic fluid although other 
fluids can be used. 

Although a fluid actuator ' is shown, 
application is not limited to a fluid actuator, and 

30 alternate actuators can be used, such as an electrical 
or mechanical actuator, with a fluid or electrical 
actuator interface, for communication between the 
rotating probe and stationary housing for actuation. In 
the embodiment shown, cooling fluid is supplied from a 
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cooling fluid source 144 to channels 146 in the probe 
through fluid commutator 138 for temperature control 
during welding operation. Housing 122 includes upper 
and lower portions separated by a sealing ring 148 for 
5 operating fluid containment. 

As previously described force feedback 118, 
120 is used for actuating control of upper and lower 
probe members 60, 62 and pin 64 to maintain a balance 
Fg 1 and Fg 2 on the workpiece as illustrated 

10 schematically in FIG. l. Additionally, in the 
embodiment illustrated in FIG. 4, a displacement sensor 
150 (for example, a linear voltage displacement 
transducer " LVDT " ) is coupled to rod 126 for position 
feedback control for pin 64 extension and separation 

15 distance between upper and lower probe members 60, 62 as 
will be explained. 

As shown in FIG. 5, for welding operation, 
probe housing 122 is supported for movement along a 
probe track 152 supported by a welding fixture 154. 

20 Fixture includes a base 156, and posts 160, 162 which 
extend from base 156 to support probe track 150 above a 
workpiece table or backplate 164. Probe track 152 is 
movably coupled to tracks 166, 168 along posts 160, 162 
to raise and lower probe 50 as illustrated by arrow 170 

25 for welding operation. Table 164 includes a groove 172 
or alternately two separately spaced table sections can 
be used to support the workpiece. Workpiece joint is 
aligned with' groove 172 or separation for placement of 
the lower probe member 62 underneath the workpiece 

30 supported by table 164. As described, probe track 152 
supports probe 50 for movement along a welding joint of 
a workpiece supported by table 164 as illustrated by 
arrow 174 . 
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Fluid actuators 176, 178 are coupled to probe 
track 152 to raise and lower track 152 and probe 50 as 
illustrated by arrow 170. Actuators 176, 178 position 
probe 50 relative to workpiece and supply forging force 
5 to upper probe member 60 through housing 122. Although 
a particular fixture is shown, application is not 
limited to the particular fixture. For example, table 
164 can be movably supported relative to base 180 as 
illustrated by arrows 180 for probe placement along a 

10 welding joint. Bi-directional placement of the probe as 
illustrated by arrows 180 facilitates complex welding 
operation along a curved joint in addition to straight 
line welding along a straight joint. Operation of the 
actuators 176, 178 can be independently controlled to 

15 vary rake angle 184 of the probe for contour welding 
operations, as will be explained. 

As shown schematically in FIG. 6, force 
feedback 118 for upper probe member 60 is measured by 
force transducer 188 connected in series with force 

20 actuator 80 (fluid actuators 176, 178) and upper probe 
member 60. Force feedback 120 for lower probe member 62 
is measured by a pressure sensor assembly for measuring 
pressure differential between chamber portions 190, 192 
of fluid actuator 82. Although particular force 

25 feedbacks 118, 120 are described, force feedback 118, 
120 is not limited to the particular embodiment 
described. 

As previously explained, in one embodiment, 
position feedback from, for example, displacement sensor 
30 150, can be used for probe control. FIG. 7 illustrates 
a control schematic for force and position control. As 
shown schematically, upper and lower process control 
110, 112 receive and process force 108, 109 and position 
194, 196 input or command and force 118, 12 0 and 
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position feedback 198, 200. Upper and lower process 
control 110, 112 includes mode switching for switching 
between force and position control. Mode switching 
includes a mode controller 202 or operating actuator 80, 
5 82 between force and position control to maintain force 
and position parameter within command parameters or 
limits . 

Mode controller 202 switches mode control 
between force and position control based upon the force 

10 and position error between the program commands 108, 
109, 194, 196 and feedback 118, 120, 198, 200. For 
example in FIG. 7, mode controller 202 provides force 
control to maintain force feedback relative to command 
parameters and switches to position if force feedback 

15 118, 120 is within command parameters 108, 109 and 
provides position control to maintain position feedback 
within command parameter and switches to force control 
when position feedback 198, 200 is within command 
parameters. A proportional integrated controller (DID) 

20 provides force and position control and bumpless mode 
switching between force and position control. 

As illustrated in FIG. 8, position feedback 
198 can be used to maintain minimum separation Az 
between upper and lower probe members 60, 62 based upon 

25 workpiece thickness At. For example, Az can be 
controlled based upon preprogrammed command parameters 
based upon the profile of the workpiece. In one 
embodiment, upper and lower ' process control 110, 112 
adjust the position of upper and lower probe members 60, 

30 62 to adjust Az (separation between upper and lower 
probe members 60, 62) to correspond to workpiece 
thickness or minimum separation command parameter. In 
particular, the position of lower probe is fixed 
relative to a workpiece supported by table 164. For 
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separation control, actuator 82 adjusts the position of 
upper probe member 62 for Az, and the position of the 
probe member 60 is also adjusted the same increment as 
lower probe member 62 by actuator 8 0 to compensate for 
5 the adjustment of lower probe member 62 to maintain the 
elevation of lower probe member 62 aligned with table 
164. 

Position feedback can be used to compensate 
for profile or dimension changes in the workpiece based 
10 upon position commands. As shown in FIG. 8, upper and 
lower probe members 60, 62 can be adjusted relative .to 
workpiece profile data 204. Workpiece profile data Az 
204 can be measured or downloaded off-line or during the 
welding process by various sensors such as optical 
15 sensors to provide position commands 194 for operation. 

For example, the thickness of the workpiece may 
fluctuate or the thickness may increase At. To 
compensate for profile variations, lower process control 
112 operates forge actuator 82 based upon position 
20 commands for the workpiece profile so that the 
separation distance of upper and lower probe members 60, 
62 is Az= t + At where: 

Az -is the separation distance between 
upper and lower probe members 60, 62 
25 t - is the original workpiece thickness; 

and 

At - is the thickness change in the 
workpiece. 

For a fixed support, upper process control 110 
30 operates actuator 80 to adjust the position of upper 
probe member 60 relative to lower probe member 62 to 
maintain the elevation of lower probe 62 aligned with 
table 164 as follows zu 2 = zu^ At where: 
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zu 2 -is the adjusted position of the upper 
probe ; 

zu x -is the original position of upper 
probe ; and 

5 At -is the workpiece thickness change. 

For operation outside a fixed reference frame 
(relative to table 164), position feedback 198, 200 from 
upper and lower probe members 60, 62, as illustrated in 
FIG. 7, and position commands can be used by controllers 
10 for placement of upper and lower probe members in 
abutment with upper and lower workpiece surfaces 76, 78. 
For example, z u , z x and Az can be used for placement of 
upper and lower probe members 60, 62 based upon position 
feedback z u , Az and position commands for z u , Az where: 
15 Az -is the displacement measurement of 

sensor 150 corresponding to separation 
of upper and lower probe members 60, 62; 
z u -is the position of upper probe member 
measured relative to elevation of 
20 housing 122 based upon measurement by- 

position sensor 206 shown in FIG. 6; and 
z x -is the position of the lower probe 

member calculated based upon z u + Az. 
Position commands for z u , z lt and Az can be 
25 derived from workpiece image or profile data which is 
uploaded to controller memory for execution or can be 
derived during the welding process via various sensors 
such as laser or optical sensors. As shown in FIGS. 9- 
10, in one embodiment, head is flexibly supported to 
3 0 flexibly couple the head (upper and lower probe members) 
to follow the contour of the workpiece for adapting head 
50 for welding complex shapes and forms. In FIG. 9, 
head 50 is flexibly supported to pitch and roll relative 
to an x axis by first and second frame members 210, 212 
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for sloped or contour welding of surface 208. Head 50 
is pivotally connected first frame member at trunions 
214 to roll relative to the x-axis as illustrated by 
arrow 216. Frame member 210 is pivotally connected to 
5 frame member 212 to support the head 50 to pitch as 
illustrated by arrow 218. As shown in FIG. 10, pitch 
and roll actuators 220, 222 adjust the position of the 
head 50 so that the surface of the head 50 (for example, 
upper and lower shoulders 72, 74) are normal to the 

10 surface of the workpiece for contour welding via 
operation by controller 106 based upon programmed data 
or profile measurements received during the welding 
operation via optical or laser sensors. 

Although the present invention has been 

15 described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
the spirit and scope of the invention. Although probe 
members have been described relative to an upper and 

20 lower orientation, it should be understood, that probe 
members are not restricted to an upper and lower 
orientation and the upper and lower probe members can be 
oriented in any opposed relation. 
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WHAT IS CLAIMED IS: 

1. A welding probe comprising: 

a first probe member having a first shoulder; 
a second probe member having a second 
shoulder; 

a probe pin movably coupled to the first 
probe member and the second probe member 
being rigidly connected to the probe pin 
to support the second probe member in 
opposed spaced relation relative to the 
first probe member; 

a first actuator operably coupled to the 
first probe member to provide an 
operating force to the first probe 
member ; 

a second actuator operably coupled to the 
probe pin and second probe member to 
provide an operating force to the second 
probe member; and 

a controller operably coupled to the first 
and second actuators and set to provide 
balanced operating forces to the first 
and second actuators . 

2. The welding probe of claim 1 including 

a first force feedback coupled to the 
controller and first actuator; and 

a second force feedback coupled to the 
controller' and second actuator, the 
controller operating the first and 
second actuators based upon first and 
second force feedback. 

3. The welding probe of claim 2 wherein load 
feedback controls separation between first and second 
probe members based upon workpiece thickness . 
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4. The welding probe of claim 2 wherein at least 
one of the first or second force feedback is measured by 
a force transducer. 

5. The welding probe of claim 2 wherein at least 
one of the first or second force feedback is measured by- 
actuating pressure of the actuator. 

6 . The welding probe of claim 1 including 
position feedback coupled to the controller. 

7. The welding probe of claim 1 including force 
and position feedback coupled to the controller wherein 
force feedback and position feedback control separation 
between first and second probe members based upon 
workpiece thickness. 

8. The welding probe of claim 4 including force 
and position feedback coupled to the controller and the 
controller is set to mode switch between force and 
position control. 

9. The welding probe of claim 1 including force 
and position feedback coupled to the controller wherein 
position feedback controls separation between first and 
second probe members based upon, workpiece thickness. 

10. The welding probe of claim 6 wherein position 
feedback controls at least Az, z u or z x of upper and 
lower probe members wherein Az is the separation 
distance between the upper and lower probe members; z u 
is the position of the upper probe member and z x is the 
position of the lower probe member. 

11 . The welding probe of claim 1 wherein 
controller receives position commands for at least one 
of Az, z u or z x . 

12. The welding probe of claim 1 wherein the 
controller includes position data for contour welding 
complex shapes . 
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13. The welding probe of claim 12 wherein position 
data includes a memory stored image of the profile of 
the workpiece. 

14. A welding head comprising: 
a housing; 

a probe rotationally coupled to the housing 
including: 

a first probe member; 

a probe pin slidably supported relative 
to the first probe member, and a 
second probe member rigidly 
connected to the probe pin; 

an actuator coupled to the probe pin and 
second probe member for slidably 
moving the probe pin and second 
probe member relative to the first 
probe member and supplying a 
forging force to the second probe 
member; and 

an actuator interface member between the 
housing and rotating probe to 
operationally connect the actuator 
in the rotating probe. 

15. The welding head of claim 14 wherein the 
actuator is a fluid actuator and the actuator interface 
is a fluid commutator for fluid interface between a 
fluid source and the fluid actuator. 

16. The welding head of claim 14 including a 
displacement sensor coupled to the probe pin for 
measuring probe pin extension. 

17. The welding head of claim 14 including a 
pressure sensor assembly coupled to a fluid actuator 
chamber for measuring actuation pressure for determining 
actuating force of the second probe member. 
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18. The welding head of claim 14 including cooling 
channels in the probe and a fluid interface from a fluid 
source to the cooling channels in the rotating probe for 
delivery of cooling fluid to the rotating probe for 
welding operation. 

19. A method for welding a joint between first and 
second workpiece sections comprising steps of: 

locating a rotating probe in the joint 
between workpiece sections; 

supplying a balanced force against first and 
second opposed surfaces of the workpiece 
sections; and 

rotating the probe while supplying the 
balanced force on opposed surfaces of 
the workpiece sections for welding 
operation. 

20. The method of claim 19 further comprising the 
steps of: 

providing force feedback against the first 
and second surfaces of the workpiece; 
and 

adjusting the force on the first and second 
surfaces of the workpiece based upon the 
force feedback. 

21. The method of claim 9 further comprising the 
steps of: 

providing first and second probe members; and 
adjusting separation distance between the 
first and second probe members relative 
to thickness of the workpiece sections. 

22. The method of claim 21 further comprising the 
steps of : 

monitoring the position of the first and 
second probe members; and 



WO 00/02699 



PCI7US99/15148 



-18- 

adjusting the position of the first and 
second probe members relative to 
workpiece profile. 
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